In recent years, owing to abuse of antibiotics, extensive use of antitumor drugs and immunosuppressive agents and other reasons, an increasing number of people suffered from fungal infection. In this situation, researchers proposed new diagnosis methods, such as G test, galactomannan (GM) test, and polymerase chain reaction (PCR). G test is simple, quick, and highly sensitive and can detect multiple fungi; however, it cannot distinguish fungal types and may result in false positive and false negative results. GM test is less time consuming and feature highly positive detection rates but can simply be used in inspection of invasive aspergillosis. However, optimal positive critical values of GM test remain controversial. PCR is currently one of the fastest methods but is not formally used in clinical practice because of its lack of standardized operation and evaluation criteria. This study reviews the above three methods with the aim of discovering and summarizing their advantages and disadvantages to facilitate research and development of new diagnosis methods.
G test
Prevalence rate and fatality rate of fungal infections increase globally because of the wide use of various antibiotics and development of technologies such as organ transplantation [1] . Depend i ng on a f fected pa r ts of t he body, f u nga l infectious diseases can be divided into superficial fungal infections, skin fungal infections, subcutaneous fungal infections, and systemic fungal infections. Shallow fungal infections comprise superf icial f ungal infections and skin fungal infections, whereas invasive fungal infections include subcutaneous f ungal infections and systemic fungal infections. Invasive fungal infection is significantly harmful and is an important type of hospital infection. Therefore, this study mainly describes research progress on diagnosis methods of invasive fungal infections. To date, common clinical diagnosis methods of fungal infections include mostly traditional methods, including direct smear methods, fungal culture methods, and pathological tissue examination [2] . However, given various factors, e.g., direct smear methods are less sensitive, pathological tissue examination traumatizes patients to some extent, and fungal culture method is time consuming [3] , these methods feature some limitations in their application in clinical practice, significantly affecting treatment of patients with fungal infection. Recently, methods, such as G test, galactomannan (GM) test, and polymerase chain reaction (PCR), were suggested for early diagnoses of domestic and foreign fungi. These methods improve speed and accuracy of early diagnoses of fungal infections, contribute to reasonably using antibacterial agents, and decrease mortality rate and resistance rate of bacteria. G te s t i s m a i n l y u se d to dete c t f u ng a l c e l l w a l l composition, 1,3-β-D-mannan, which exists in cell wall of other deep fungi except for zygomycetes and cryptococcus. Deep fungi, including Candida and Aspergillus, are ingested and digested by phagocytes after they invade tissues, thus releasing 1,3-β-D-mannan. Some studies [4] showed that 1,3-β-D-mannan is barely released into the blood during fungal colonization and superficial fungal infections. However, this molecule occasionally exists in healthy human sera; thus, 1,3-β-D-mannan can be detected in organic blood, and sterile body f luids can be effective in diagnosis of deep fungal infections [5] . Dynamic monitoring data of 1,3-β-D-mannan can serve as reliable indicator for evaluating efficacy of antifungal drugs and diseases [6] . [7] , showing the highest sensitivity for Candida detection. Foreign studies indicated [8] that sensitivity of G test to detection of invasive Candida reaches 47%-87%. Metaanalysis of 14 studies for immunosuppressed patients with invasive fungal infectious diseases showed high sensitivity and specificity of G test [9] .
G test detects sera of patients with positive fungal culture and distinguishes colonization and infections, preventing unnecessary therapies to a large extent [10] . However, G test also presents some shortcomings. First, G test cannot determine species, which poses less inf luence on clinical therapies because currently, clinical antifungal therapy does not vary with different species. Second, G test may yield false positive and false negative results. Fungi such as Aspergillus and Candida albicans are mostly normal f loras in the human body and distributed on parts, such as the vagina and gut. Thus, fungi in those parts may release 1,3-β-D-mannan into the peripheral blood in reaction to local immune cells, resulting in increased percentages of false positive results [11] . False positive results also occur when glucans in food enter the blood, or some diseases cause an increase in glucans in the blood. Alternatively, some bacteria can produce 1,3-β-D-mannan, which causes false positives. A study [12] showed that Gramnegative bacillary bacteremia is more apt to cause false positive results in G test than Gram-positive bacillary bacteremia. As less 1,3-β-D-mannan is released, false negative results may be obtained.
To address failure of G test to determine species, joint detection can be carried out in G test and fungal culture; it contributes to determination of species and increases deg ree of sensitiv it y of d iag nosis. For fa lse positive phenomena in G test, detection can be conducted in conjunction with GM test, which increases sensitivity and specificity of G test to some extent and reduces probability of occurrence of false positives and false negatives [13] .
However, fungal infections still cannot be disregarded when test results are all negative.
GM test
GM antigen detection is an effective method for early diagnosis of invasive aspergillosis. GM is a polysaccharide antigen on the cell wall of Aspergillus, and it is released into the blood during invasive infections. Days before clinical symptoms manifest in patients with Aspergillus infection, or when abnormality exists in imaging examinations, positive GM circulates the body [14] . GM can be detected with immunological test methods, including latex agglutination test, radioimmunoassay, enzyme-linked immunosorbentinhibition assay, and double-antibody sandwich enzymelinked immunosorbent assay. Double-antibody sandwich enzyme-linked immunosorbent assay is commonly used in clinical practice, and it is also an internationally recognized and highly sensitive detection method, which is widely used in Europe and America and approved by US FDA as auxiliary diagnosis indicator for clinical diagnosis of invasive Aspergillus infections. Compa red w it h i mag i ng e x a m i nat ion a nd d i rec t microscopy, GM test is less time consuming and yielded higher positive detection rates. W hen anti-Aspergillus treatment is carried out in high-risk hematonosis patients with agranulocytosis according to a positive GM test, treatment efficacy rates can be increased. According to Luong et al. [15] , for bronchoalveolar lavage f luid (BALF)
GM test used to diagnose invasive aspergillosis in patients with malignant hematopathy, sensitivity totals 100%, and specificity reaches 87%. BALF GM test is superior to direct microscopy, fungal culture, and blood GM test. Released amount of GM is proportional to the number of bacteria and thus can reflect infectious degree of patients. Dynamic monitoring of GM in clinically in high-risk patients enables early discovery of Aspergillus infections and timely treatment [16] .
GM test features certain defects. First, GM test may yield false positive and false negative results to some extent. Some studies showed that use of β-lactams antibacterial drugs commonly causes false negative results in GM test. Therefore, prior to detection of Aspergillus galactomannan, care should be taken to avoid administration of medicine against this organism to patients. Low GM contents mainly cause false negative results in GM test. Second, positive cutoff values of GM test remain controversial. Most studies argued good sensitivity and specificity with single I≥1.0 as a positive cutoff value. Other studies suggested that cutoff value of serum GM is 0.7 h, and good comprehensive effects result from its sensitivity and specificity and predicted positive and negative values [17] .
PCR PCR is a method in which a universal primer is designed in highly conserved regions of fungal rDNA. PCR amplifies target of rDNA and conducts sequencing on this product. This method is fast and flexible. Compared with conventional yeast culture methods, PCR can derive more accurate results in 24 h. PCR can also be used in detection of mixed and unusual fungi [18] . However, as PCR presents false positive results and lacks standardized operation and determination criteria, US FDA does not approve use of PCR in clinical diagnosis of fungal infections [19] . Only one method is currently used in diagnosis of secondary pneumocystosis in patients with tuberculosis and HIV [20] .
In research of molecular biological methods for microbial identification and classification, selection of genes is crucial. PCR ex pansion can conduct sequencing for internal transcribed spacer (ITS)-1 region of fungal rDNA gene operons to identify species. Hypervariable sequence D1-D2 regions of 8S rDNA genes and 28S rDNA genes are often used as target genes for PCR detection. D1-D2 and ITS regions of 28S rDNA genes show significant variations in evolution. Between fungi with close genetic relationships, two gene regions also present significant variations. Thus, 28S rDNA genes can serve as basis for identification between fungal species and variants or strains. Some studies [21] leveraged features of quick variation in mitochondrial DNA, difference in evolution speeds of different regions, designed Candida albicans-specific primers based on fungal mitochondrial COII gene sequences, and analyzed sensitivity, specificity, and repeatability of f luorescent quantitative PCR. Results showed high sensitivity, strong specificity, and good repeatability and stability of using fluorescent PCR based on fungal mitochondrial COII genes in identification of Candida albicans.
W it h development of med ica l tech nolog ies, PCR constantly improved. To date, a range of related technologies were developed; these technologies include nested PCR, real-time quantitative PCR, and multi-PCR. Using realtime quantitative PCR allows fast and accurate diagnostic analysis of invasive aspergillosis and identification of species in patients' blood and BALF specimens, contributing to clinical and pertinent treatment with antifungal drugs [22, 23] .
Some studies compared two commercial PCR technologies, namely, Pneumocystis jirovecii PCR and Aspergillus PCR, with traditional diagnostic methods. Results showed better sensitivity and specificity of these commercial real-time PCR than those of traditional diagnostic methods [24] . For selection of blood and BA LF specimens, some studies presented that fungal pathogens are much easily detected in mass sera and BALF drugs than in small amounts of sera and centrifuged BALF [25] . Ref. [26] also showed that embedding specimens with paraffins significantly improves sensitivity of PCR in identifying yeasts and filamentous fungi. PCR using paraffins to embed specimens features high sensitivity. However, one remarkable weak ness of this method is ubiquitous fungal contaminations in the environment [27] .
Such fungal contaminations affect accuracy of detection and identification of fungi. R e a l -t i m e f l u o r e s c e n t q u a n t i t a t i v e P C R a d d s fluorophores in reaction system of PCR, uses fluorescence sig na ls for rea l-t i me mon itor i ng of t he ent i re PCR , and finally conducts quantitative analysis of unknown templates through standard curves. This method is fast and show high sensitivity and good repeatability and can recognize species involved in infections [28] . However, this method is relatively expensive and may be limited in clinical application because of lack of appropriate real-time PCR devices and sequencing services. Multi-PCR uses multiple pairs of special primers to simultaneously amplify different target segments and detects multiple pathogens in one-time basis. To date, multi-PCR is used in detection [29] of Aspergillus, Mucor, and Rhizopus infections and joint examination [30] of fungi and bacteria. Some researchers built quadruple PCR . With this technolog y, fungi are detected in approximately 5 h, and species can be identified. However, quadruple PCR cannot determine colonization and infections and thus requires combination of clinical manifestation and traditional fungal diagnoses to carry out comprehensive analysis [31] .
To date, detection of Cryptococcus by real-time PCR is mostly based on amplification of single-copy genes, which may decrease sensitivity of real-time PCR [32] . Multi-real-time PCR (MRT-PCR) features high sensitivity and repeatability and can use a number of specimens, such as BALF, serums, and biopsy specimens, and allows for detection of mixed bacteria despite its failure to distinguish species, which pose less influence on clinical diagnoses and treatments [33] . MRT-PCR is more expensive than traditional diagnostic methods, but it can detect infection of mixed bacteria and avoid delay in antifungal therapies [34] . MRT-PCR is superior to realtime PCR. However, additional specimen research are still necessary. PCR technologies, real-time PCR or multi-PCR may produce false positive and false negative results during detection. Some studies showed that internal amplification control is an important factor in removal of false negatives. Alternatively, mutual authentication of results of detection systems of Aphanomyces spp. and Candida spp. can effectively reduce occurrence of false negatives and false positives [35] .
Conclusions
Fungal infections, especially Candida and Aspergillus deeporiented fungal infections, present high false negative rates and mor ta l it y rates and require cost ly cl inica l treatments; therefore, early diagnosis of f ungi bears significance in addressing these conditions [36] . To date, traditional microscopy, fungal culture, and pathological tissue examination still prevail clinically. These methods are less sensitive and time consuming and detrimental to early detection of fungi and early treatment of fungal infections. To date, G test and GM test-oriented serological examinations and PCR-focused molecular examinations serve as research hotspots and achieved some progress but are still not widely used in clinical applications because of their respective limitations. Joint application of all methods must be considered. Theoretically, such combination not only can improve accuracy of major application methods but also can make up for certain deficiencies of auxiliary techniques. However, several specimens are still required for research on joint methods to ensure their correct clinical applications.
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